We optimized the isolation protocol for intraepithelial lymphocytes (IELs) and lamina propria lymphocytes (LPLs) from the rat small intestine, and LPLs from even the rat large intestine. The major population of IELs in the small intestine was considered to be from the villus epithelia. The cytotoxicity of mucosal leukocytes was comparable among isolated fractions from both the small and large intestines, regardless of the population differences. Further analyses of the cells collected from other lymphoid tissues demonstrated that CD161 þ cells selectively accumulated in the intestinal lamina propria and did not recirculate through the lymph ducts. Our modified isolation protocol enables the collection of mucosal immune cells from the rat intestines without any deterioration of cell function and could contribute to a better understanding of dietary influences on the mucosal immune system.
The intestines, which are considered to be functionally distinct organs, comprise the largest lymphoid tissues in mammals. The mucosal surface of the intestines is constantly exposed to such foreign materials as foodderived antigens and enteric microflora. In addition, lymphocytes in the intestinal mucosa are distributed among several compartments including Peyer's patches, and intraepithelial and lamina propria. 1) Lymphocytes residing among the intestinal epithelia (IELs) contribute to defense against foreign luminal antigens. Lamina propria mononuclear cells, including both lamina propria lymphocytes (LPLs) and Ig-producing cells, are scattered in the lamina propria behind the epithelial layers.
Immune cells are often characterized by the immunohistochemistry of specific tissue sections and/or the flow cytometry of isolated cellular fractions. For example, most IELs within the intestinal mucosa are derived from bone marrow progenitors or the thymus, and express T cell markers. [2] [3] [4] CD8 þ subsets of IELs include both conventional CD8 þ cells and CD8 þ cells that express either the T cell receptor (TcR) or TcR. 4) NKR-P1A (CD161) þ subsets of IELs are found within the intestinal mucosa and have strong cytotoxic activity.
5) The phenotypic composition of IELs varies markedly among species and appears to be influenced by the genetic background and environmental factors. Prominent stimulatory effects of the luminal microflora have been observed on both the numbers and phenotypes of IELs expressing TcR þ , but not TcR þ , under germ-free conditions. [6] [7] [8] [9] Immunohistochemical studies in our lab have demonstrated that the localization of CD8 þ IELs and CD161 þ natural killer (NK) cells along the longitudinal axis of the crypt in the large intestine depends on the lymphocyte phenotype. In addition, the frequency of CD8 þ IELs is modulated by dietary intervention, [10] [11] [12] and mucosal lymphocytes play a substantial role in the prevention of colorectal carcinogenesis. 13) To further clarify the specific roles of lymphocytes within the rat intestine, mucosal lymphocytes need isolating to characterize their precise functions. However, the currently reported isolation techniques have not been the same among different studies. We attempted to isolate mucosal lymphocytes from rats by using these original protocols, but our attempts resulted in both low reproducibility and recovery of the lymphocytes.
We established in the present study reliable protocols for isolating IELs and LPLs from the rat small intestine. Additionally, our protocol for LPL isolation was successful in collecting LPLs from the large intestine. We were able to analyze the cytotoxicity of individual LPL fractions in the large intestine from the cecum to the proximal colon (CP) and from the middle to distal colon (MD). As a result, these protocols enabled us to identify specific populations and functions of IELs and LPLs in the rat small and large intestines under physiological conditions.
Materials and Methods
Animals and diet. All rats were purchased from Japan SLC (Hamamatsu, Japan) and fed a highly specific diet for 3 weeks. The diet used in these experiments was as follows: 60.25 g/kg of sucrose, 25 g/kg of casein, 5 g/kg of microcrystalline cellulose (PH-102; Asahi Kasei Co., Tokyo, Japan), 5 g/kg of soybean oil, 0.25 g/kg of choline bitartrate, 3.5 g/kg of AIN-93G mineral mixture, 14) and 1 g/kg of AIN-93 vitamin mixture. 14) All animals were housed in individual cages within a temperature-controlled room under a 12-h photoperiod (light on, 08:00-20:00 h). DA/Slc male rats (8 weeks old) were used in leukocyte isolation studies on the intestines, thymus, peripheral blood, spleen, and mesenteric lymph nodes. Isolation of the thoracic duct lymphocytes was performed with WKAH/Hkm Slc rats (10 weeks old). The Hokkaido University Animal Use Committee approved all studies used in these experiments, and the rats were maintained under the guidelines of Hokkaido University for the care and use of laboratory animals.
Isolation of leukocytes from the small intestine, cecum, and colon. Leukocytes from the intestines (Fig. 1) were isolated according to the methods outlined by Poussier and Julius, 15) with some modifications. In brief, two rats (171:1 AE 1:3 g/rat) were killed by decapitation under diethyl ether anesthesia. The small intestine of each, from the duodenum to the ileocecal junction, was removed for isolating IELs and LPLs. The large intestine of each, as already mentioned, was removed for isolating CP-and MD-LPLs. The removed intestines were placed in a beaker containing pre-warmed saline. The intestines were then flushed with saline, and the macroscopically visible mesenteric tissues were removed. Peyer's patches were also removed from the small intestine. The intestines were opened longitudinally and washed in saline to remove the residual fecal contents. The process was completed within 30 min, which ensured a higher viability in the last step of the isolation. Segments cut into 1-2-cm lengths were incubated in siliconized glass Erlenmeyer flasks containing 2 mM dithiothreitol (DTT; Wako Pure Chemical Industries, Osaka, Japan) in Ca and Mg-free Hank's balanced salt solution (HBSS) at 37 C while stirring (200-300 rpm for 100-ml or 200-ml flasks). Each cell suspension was passed through three layers of sterilized gauze to remove any remaining connective tissues, collected in 50-ml polypropylene tubes, and kept on ice for further stages of the IEL isolation.
The remaining segments were immersed in 50 ml of 5 mM EDTA (Dojindo Laboratories, Kumamoto, Japan) in HBSS and stirred vigorously to remove the epithelial layer cells to isolate LPLs of the small and large intestines. After removing EDTA-HBSS, each segment was stirred with RPMI1640 medium supplemented with 5% fetal calf serum (FCS) in RPMI1640 (Gibco Ò ; Invitrogen, Carlsbad, CA, USA) containing 5.96 g/l of HEPES, 100 mg/l of streptomycin sulfate, and 7 mg/l of penicillin G potassium (complete RPMI medium) for 10 min at 37 C. Segment was then digested with a pre-warmed complete RPMI medium containing 2.4 mg of collagenase type I (214 units/mg; Invitrogen) while vigorously stirring at 37 C to release leukocytes from the lamina propria in the intestinal mucosa. The digestion was terminated when the suspension had become transparent. The suspension was then transferred into 15 ml of a cold complete RPMI medium.
The gauze-filtered suspensions in DTT-HBSS (for IELs) and cell suspensions following the collagenase treatment (for LPLs) were separately centrifuged at 400 Â g for 5 min at 4 C. The cells were resuspended in 50 ml of HBSS, and then allowed to settle for 10 min to remove any unnecessary precipitate. The supernatant, which now contained single cells, was transferred to 15-ml polypropylene tubes and centrifuged again. The resulting cell pellet was resuspended in 3 ml of a working Percoll solution (density of 1.062), underlayed with 2 ml of a stock Percoll solution (density of 1.109), and then centrifuged at 1;800 Â g (brake off) for 20 min at room temperature. Following density-gradient centrifugation, the leukocytes between the working and stock Percoll solutions were collected and washed twice with phosphate-buffered saline (PBS). Lymphocyte viability was assessed by trypan blue exclusion immediately after the isolation. Aliquots of the leukocyte fractions were either prepared for a flow cytometric analysis or stained with Giemsa for a population analysis.
Histochemistry of the small intestine and cecum. A histological validation of the isolation technique was performed. Tissue segments were collected at each stage of the leukocyte isolation procedure (Figs. 3A and 5A) and fixed in 10% buffered formalin (v/v). The fixed tissues were embedded in OCT compound (Sakura Finetek Japan Co., Tokyo, Japan) at À80 C, sliced with a cryostat (Leica CM1500; Leica Microsystems, Wetzlar, Germany) at 5-10 mm thickness, and mounted on poly-L-lysine (Sigma-Aldrich Co., St. Louis, MO, USA)-coated glass slides. The tissue sections were air-dried, stained with hematoxylin, and dehydrated. The representative images were photographed under a BX51 light microscope (Olympus, Tokyo, Japan; original magnification, Â20).
Isolation of the leukocytes from other tissues. Leukocytes were also collected from the peripheral blood, thymus, spleen, and mesenteric lymph nodes of DA rats. In brief, two rats were intraperitoneally injected with nembutal (100 ml/100 g; Dainippon Sumitomo Phama Co., Osaka, Japan) and blood was collected from the abdominal artery. The blood was gently mixed with 1 ml of a heparin sodium salt solution (300 I.U./ml, Nacalai Tesque, Kyoto, Japan) and centrifuged at 1;800 Â g for 30 min at 4 C to collect the leukocytes. The mesenteric lymph nodes, thymus, and spleen were also removed and placed in a beaker containing a complete RPMI medium. The removed thymus and spleen were cut into smaller pieces and placed in a glass homogenizer with a complete RPMI medium. Each cell suspension was then passed through a cell strainer (40-mm nylon mesh; Becton, Dickson and Company, Franklin Lakes, NJ, USA), and centrifuged at 400 Â g for 5 min. Pellets isolated from the thymus and spleen were resuspended in a hypotonic buffer (8.26 g/l of NH 4 Cl, 1 g/l of KHCO 3 , and 0.037 g/l of EDTA-4Na, at pH 7.4) to lyse the erythrocytes. The cell suspension was then subjected to the Percoll isolation procedure already described.
Thoracic lymph was collected according to the method described by Bollman et al. 16) with slight modifications. 17) Briefly, WKAH rats were anesthetized with sodium pentobarbital, and a vinyl catheter implanted into the thoracic duct and a silicone catheter implanted into the duodenum. The rats were placed in individual restraining cages for a day, and continuously infused with an iso-osmotic solution through the duodenal catheter for 12 h. After infusing the solution, thoracic lymph was collected through the catheter for 1 h. The suspensions were pooled in a 10-ml tube and centrifuged at 400 Â g for 5 min. The thoracic leukocyte-containing pellets were subjected to the Percoll isolation procedure already described.
Cell suspensions isolated from the peripheral blood, thymus, spleen, mesenteric lymph nodes, and thoracic ducts were washed in PBS. The lymphocyte viability of cells present in the isolated leukocyte fractions was immediately assessed by a trypan blue exclusion assay.
Phenotypic analysis of the isolated leukocytes. The following mouse anti-rat monoclonal antibodies (mAbs) conjugated to fluoresceinisothiocyanate (FITC) or phycoerythrin (PE) were used for a flow cytometric analysis: PE-anti-TcR (R73), FITC-anti-TcR (V65), FITC-anti-CD3 (IF4), PE-anti-CD4 (W3/25), FITC-and PE-anti-CD8 (OX-8), FITC-and PE-anti-CD8 (341) PE-anti-CD45RA (OX-33), and PE-anti-CD161 (10/78). All mAbs were purchased from AbD Serotec (MorphoSys UK, Oxford, UK) and pretested for flow cytometric application. Prior to data acquisition, fluorescence intensity was tested by using calibrating beads (Becton, Dickson and Company) to ensure stable FACS instrument performance. Compensation of the instrument was also checked by using unstained and single-or doublestained lymphocytes.
The cell populations and phenotypes in the isolated fractions were analyzed by using two-color flow cytometry. Briefly, 1:0 Â 10 6 cell aliquots were resuspended in PBS with frequent mixing and incubated with two directly conjugated mAbs for 30 min at 4 C in darkness. The stained cells were washed twice with PBS, resuspended with PBS, and passed through a cell strainer (35-mm nylon mesh; Becton, Dickson and Company). The stained cells were immediately applied to FACSCalibur (Becton, Dickinson and Company). Data were collected for 300,000 events and analyzed with FACS analysis software (FlowJo, version 7.2.2; TreeStar, Ashland, OR, USA).
Cytotoxic activity of the mucosal leukocytes. The cytotoxic activity of cells isolated from the intestinal mucosa of DA rats was measured by using flow cytometry with a Molecular Probes Ò live/dead cellmediated cytotoxicity kit (Invitrogen). Briefly, NK-sensitive YAC-1 virus-induced mouse T cell lymphoma cells were maintained as the target with 5% FCS in a RPMI1640 medium containing 5.96 g/l of HEPES, 2.0 g/l of NaHCO 3 , 100 mg/l of streptomycin sulfate, 7 mg/l of penicillin G potassium, and 3 ml/l of 2-mercaptoethanol. On the day of the experiment, YAC-1 cells were washed with PBS and incubated with 5.5 mM 3,3 0 -dioctadecyloxacarbocyanine in PBS for 20 min at 37 C in a CO 2 incubator. After the stained cells had been rinsed with PBS, 5 Â 10 4 cell aliquots were transferred into tubes. In parallel, freshly isolated leukocytes from the intestinal mucosa (as effector cells) and 3.75 mM propidium iodide were added to the tubes. The resulting mixtures were then incubated for 2 h at 37 C in a CO 2 incubator. The cells were resuspended after the incubation period and applied to FACSCalibur. Data were collected for 3 min and evaluated with the FACS analysis software. Cytotoxicity was calculated as the percentage of dead cells (within the target cells) in the presence of the effector cells. All values were corrected for spontaneous target cell death in the absence of effector cells.
Statistics. The JMP 5.0 software package (SAS Institute, Cary, NC, USA) was used for all statistical analyses. Each result is expressed as the mean AE SEM. Comparisons between two groups and multiple groups were evaluated by using Student's t-test and The TukeyKramer HSD test, respectively. A probability of less than 0.05 was considered statistically significant.
Results
As shown in Fig. 1 , the mucosal leukocyte fractions were isolated from rat intestines by using a modified isolation protocol. The yield of viable lymphocytes within the isolated fractions was greater than 10 7 cells in the small intestinal (S) IEL and LPL fractions. We also collected 10 6 lymphocytes in LPL fractions from CP and MD. Additionally, a cytological analysis revealed that lymphocytes were the major population within the isolated leukocyte fractions (Table 1) . Small populations of eosinophils and macrophages were also found in each cell fraction. To examine the functionality of the isolated leukocytes, we measured the cytotoxic activity against YAC-1 target cells (Fig. 2) . As expected, an E/T ratio-dependent increase in cytotoxicity was detected, but no significant difference was apparent among the isolated leukocyte fractions. Therefore, the modifications made to the protocol for isolating IELs and LPLs from the small and large intestines had improved the yield of viable lymphocytes without any retardation of the cellular functions.
Tissue segments were collected at each isolation stage to evaluate the original localization of isolated leukocytes (Fig. 3A) . A DTT treatment efficiently removed epithelial cells in the villus, but crypt epithelial cells remained in the mucosa. The remaining crypt epithelia were eliminated by an EDTA treatment. Subsequent enzymatic digestion by using collagenase disrupted the lamina propria region. The isolated leukocytes retrieved from the Percoll gradients were analyzed by flow cytometry to determine the respective gating regions (Fig. 3B) . Note that the light scatter analysis revealed that the entire population within the isolated leukocyte fractions was divided into two distinct subpopulations. Within the S-IEL and S-LPL fractions, the isolated cell populations in gate I were smaller than those in gate II. The EDTA fractions also contained two distinct subpopulations. We quantitatively compared the two subpopulations within the isolated leukocyte fractions (Fig. 3C) . A smaller cell population (86:4 AE 2:1%) was observed in the S-IEL fraction, whereas a larger cell population (86:7 AE 0:4%) was present in the S-LPL fraction. No differences between populations were apparent within the EDTA fraction. Lymphocytes in the two subpopulations were further classified by using specific surface antigenic markers (Fig. 4) . Within the S-IEL fraction, a significant difference was seen in the cell populations expressing CD3, CD4, and CD8 between the gate I and II populations (Fig. 4A) . In contrast, a FACS analysis of the S-LPL fraction revealed that the composition of CD3, CD4, CD8, and CD161 cells in gate I þ II was similar to that in gate II (Fig. 4B ).
In parallel with the histological evaluation of the small intestine, techniques for leukocyte isolation from the large intestine were also examined by using tissue segments collected at each isolation stage (Fig. 5A) . In contrast to the small intestinal tissue sections collected at the DTT treatment stage, epithelial cells along the luminal surface among crypts of the large intestine were weakly disrupted by the DTT treatment. Specifically, the EDTA treatment efficiently eliminated the residual epithelial cells in crypts, and the lamina propria region was completely disrupted by the collagenase treatment. We attempted to isolate the DTT fraction, but an analysis by FACS was difficult due to the limited number of cells isolated. Additional leukocyte fractions collected from the large intestine also included two distinct subpopulations (Fig. 5B) . The EDTA fraction contained mainly smaller cells, while the LPL fractions included relatively larger cells (Fig. 5C ). The lymphocyte populations in CP-and MD-LPL were also assessed by flow cytometry (Fig. 6 ). We found a significant difference in the cell populations expressing CD3, CD4, and CD161 between the gate I and gate II populations within CP-LPL fractions (Fig. 6A) . The cell populations were clearly different between the gate I and gate II populations with regard to the MD-LPL fraction (Fig. 6B) .
As described in Figs. 3C and 5C, lymphocyte phenotypes isolated from the small and large intestinal mucosa were characterized by using flow cytometry (Fig. 7) . Within the T cell population, most cells expressed TcR. Additionally, CD8 þ cells present in the IEL fractions expressed TcR. A similar trend was observed in the LPL fraction. The population size of þ T cells in the IEL fraction was smaller than that in the LPL fraction. In addition, þ T cells weakly expressed CD8
þ . CD45RA þ cells expressed the CD8 molecule, but not in CD8 cells within the IEL and LPL fractions.
In other tissues, the CD8 þ and CD161 þ cell composition also showed different patterns (Fig. 8) . For example, in the thymus, peripheral blood, spleen, and S-IEL fractions, nearly all CD161 þ cells expressed CD8, while CD161 þ and CD8 þ cells were mostly individual within the LPL fractions. Unexpectedly, leukocytes collected from the thoracic duct did not express CD161.
Discussion
We have previously demonstrated by histochemical analyses that the lymphocyte distribution within the epithelial layers depends on the cell phenotype. 11, 12) Therefore, isolating and characterizing the functions of IELs and LPLs from rat intestinal mucosa is necessary to clarify the precise role of immune cells in mucosal homeostasis. In reports by other researchers, numerous techniques have been applied for IEL isolation from the small intestine of mice, 15, [18] [19] [20] rats, [21] [22] [23] and humans. [24] [25] [26] We attempted to separate lymphocytes from the intestine by using the isolation protocol from rats, 22, 23) but these methods required substantial modification. Specifically, both the number of recovered, isolated IELs and data reproducibility were extremely low. In many cases, after counting the number of viable cells by using trypan blue exclusion, we found that the isolated cells were clumped together. Putative factors that may have led to this observed cell clumping include DNA from dead epithelia in the mucosal tissue and mucus secreted from the mucosa. To avoid unnecessary contamination by released DNA and mucus, we used another method 15) that implemented extensive washing steps. This method appeared relatively reliable in terms of its reproducibility, but the number of lymphocytes in the IEL fraction was still relatively low (i.e., approximately 10 6 per two rats). A FACS analysis of isolated S-IELs was sometimes difficult due to cell clumping, even after using extensive washing. As the method had originally been designed to isolate IELs from mice, we modified the protocol to optimize it for use with rats.
The modifications made to collect IELs and LPLs are as follows; i) Extensive washing steps to remove mucins from the mucosa. ii) Settlement step 23) for the isolated fraction to collect single cells. iii) Prolonged collagenase treatment to collect LPLs in a high yield. These modifications substantially increased the number of collected lymphocytes in the IEL and LPL fractions, sufficiently blocked the clumping of isolated cells, and improved the recovery of LPLs from the small intestine. The procedure for isolating leukocytes from mucosal tissues requires longer time than that for other tissues which may contribute to a loss in viability and retardation of cytotoxic activity. In fact, some in vitro studies have demonstrated that an enzymatic treatment was detrimental to the viability and cytotoxic function of isolated cells. 27, 28) Despite using the prolonged enzymatic treatment for LPL isolation, the cytotoxic activity of the isolated cells was confirmed in all the LPL fractions collected from the small and large intestines (Fig. 2) . Collected LPLs from the large intestine were fewer than those from the small intestine due to the simple structure of the large intestine without villi compared to the small intestine. Taken together, these results suggest that we established a reliable method for isolating IELs and LPLs from the intestines of rats (Fig. 1) .
During our isolation protocol for mucosal leukocytes, histological sections of the mucosal tissues within the small intestine were prepared at several stages to evaluate the isolation status. The cells collected at the end of each stage were analyzed by flow cytometry. Crypts in the mucosal tissues had not been disrupted by the DTT treatment, but almost no crypts were apparent after the EDTA treatment of the intestinal tissue, indicating that the S-IEL fraction in our protocol mainly contained leukocytes from villus IELs.
Note that two distinct subpopulations of isolated lymphocytes were apparent in the scatter-plot analysis. In addition, the proportion of each subpopulation varied depending on the fraction (Fig. 3) . The presence of two subpopulations of IELs collected from mice and rats has been reported in several studies. 2, 22) Additionally, a study by Howard et al. 29) has demonstrated that S-LPLs in felines were larger and more granular than S-IELs. In the present study, we quantitatively analyzed the two subpopulations by using the isolated lymphocyte fractions. The S-IEL and S-LPL fractions mainly contained small and large lymphocytes, respectively. The EDTA fraction contained a comparable number of both small and large lymphocytes. A surface marker analysis (Fig. 4) revealed that the cell population in the whole cell fraction (gates I þ II) was almost identical to the small cells (gate I) in the S-IEL fraction. In contrast, the other cell population in the whole cell fraction (gates I þ II) was almost identical to the large cells (gate II) in the S-LPL fraction. Taken together, the findings suggest that S-IELs that originated from the villus epithelia in rats were smaller in cell size than S-LPLs.
We applied the same analysis to CP-and MD-LPLs. Histological observations of CP showed that most of the crypts remained in the mucosal tissues after the DTT treatment; however, the luminal portion of the crypts appeared to be slightly disrupted. We compared the EDTA and collagenase fractions from the large intestine by using FACS analyses. As with the small intestine, two distinct subpopulations were apparent in the scatter plot. In addition, relatively small lymphocytes were found in the EDTA fraction as compared to the collagenase fraction within CP. The small and large lymphocytes present in the intestinal mucosa are thought to have been originally located in the epithelial layer and lamina propria, respectively.
Freshly collected intestinal IEL and LPL fractions contained lymphocytes as the major population and displayed cytotoxicity against YAC-1 cells (Table 1 and Fig. 2) . Sorted CD161 þ cells isolated from the small intestine of rats have previously been reported to have strong cytotoxicity against YAC-1 cells. 5) We also found CD161 þ cells in the S-LPL, CP-LPL, and MD-LPL fractions (Figs. 4 and 6 ). CD161 þ cells in the S-IEL fraction expressed CD8 in the present study (Fig. 8) , and cells expressing CD161 are likely to have contributed to cytotoxicity to YAC-1. Despite the large population of CD161 þ cells in the S-LPL fraction (16:2 AE 0:9%), compared to the other mucosal lymphocyte fractions, the cytotoxic activity among the isolated fractions was comparable. Other putative effector cells in the LPL fractions may have been TcR þ and CD45RA þ CD8 þ (Fig. 7) . Previous work has shown that germ-free conditions substantially decreased both the number and antibody-dependent cell cytotoxicity of T cells within intestinal mucosa; 7) however, there was almost no difference in the number and cytotoxicity of T cells under both germ-free and conventional conditions. In fact, a significant increase in azoxymethane-induced aberrant crypt foci was found in the large intestine of TcR KO mice as compared to TcR KO mice. 30) These results indicate that T cells were involved in immune surveillance within the mucosal tissues. In addition, previous studies have reported 31) that circulating CD8 þ T cells having the CD45RA þ CD27 À phenotype within the peripheral blood supply in humans had the ability to induce apoptosis in target cells. We also found in our study T þ CD8 þ cells in the isolated IEL and LPL fractions from rat intestines (Fig. 7) . The combined effector ability of these cells might have resulted in the comparable YAC-1 cytotoxicity observed among the isolated mucosal fractions.
To examine the destination of immune cells within the host immune system, we investigated the distribution of lymphocytes expressing CD8 and CD161 (Fig. 8) . CD8 þ cells were detected in all of the fractions, whereas CD161 þ cells and CD8 þ CD161 þ cells were not apparent in the thoracic duct lymphocytes. This result indicates that CD161 þ cells in the mesenteric lymph nodes and intestinal mucosa did not migrate into the thoracic duct. Previous studies have reported that rat thoracic duct lymphocytes did not display cytotoxic activity. 32) In addition, our findings suggest that CD161 þ cells accumulated in the lamina propria from minor populations in the peripheral blood or lymph nodes. Otherwise, CD161 þ cell development might depend on the specific tissue, particularly intestinal mucosa.
In conclusion, we established a reliable protocol to isolate not only IELs and LPLs from the small intestine, but also LPLs from the cecum and colon in rats. The protocol allows us to explore the functional roles of dietary factors in mucosal homeostasis.
